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LONG-TERM GOALS

Our goal is to develop methodologies for determining bathymetry in the nearshore zone, using
various types of remotely sensed images of waves as input. These methods obviate the need for direct
measurements in the field, which can be both costly and hazardous. We are particularly interested in
the surf zone, where linear wave theory provides a poor description of the behaviour of individual wave
crests. An ancillary goal is to improve the current Boussinesq model, such that it provides the necessary
inputs with appropriate accuracy.

OBJECTIVES

The objectives of the project are to:

1. Develop a synthetic data set, based on Boussinesq wave model predictions, representing a number
of cases of waves propagating over characteristic nearshore bathymetries.

2. Compare model results to available Field Research Facility (FRF) field data.

3. Study the feasibility of solving the inverse problem for bathymetry from measured surface data,
using a Boussinesq wave model to determine wave phase speeds and wave-induced height and
velocity fields.

4. Improve the applicability and performance of nearshore Boussinesq wave and current models.

APPROACH

A two-pronged approach has been taken toward the goal of inferring nearshore properties using
hydrodynamic models and remotely sensed measurements. The first direction looks to improve our
representation of nearshore hydrodynamics, while the second uses these models to interpret remotely
sensed images of the nearshore.

As an example of the first approach, we have improved prediction of wave height for shoaling waves
in the nearshore (Kennedyet al., 2000c). This was accomplished by generalising previous formulations

1

mailto:kirby@udel.edu
mailto:rad@udel.edu
http://www.coastal.udel.edu


of the Boussinesqwave theory to exploit degreesof freedomthat had not previously beenutilised.
The new formulationhasa significantly improved shoalingrange,with no drawbacks. An example
of the secondapproachis that of Misra et al. (2000), wherea quasi-frozenassumptionwas used
with Boussinesqequationsin order to infer waterdepthsfrom two time-laggedimagesof the water
surface. Togetherthesetwin approacheshave led to significant improvementsin our capabiltiesto
predictnearshorehydrodynamicsandto usethis to infer waterdepths.

WORK COMPLETED

Therehave beennumerousrecentresultsimproving our basicrepresentationof nearshorehydro-
dynamicsusingBoussinesqequations.Someof the earliercompletedwork gave us the capabilityto
predictawidevarietyof phenomenaincludingwaveshoaling,breaking,setup,runupandwave-induced
currents(Kennedyet al., 2000a;Chenet al., 2000a).This improvementof theBoussinesqmodelfrom
a purewave transformationtool to a comprehensivenearshorehydrodynamicsmodelrepresentsa sig-
nificantadvance.We now have thecapabilityto representa very wide varietyof nonlinearnearshore
phenomenasuchasunsteadyrip currentsandlongshorecurrentswith goodaccuracy (e.g.Chenet al.,
1999,2000b).

Morerecentwork hasconcentratedonimproving thebasicaccuracy of theBoussinesqformulations
used.The extensionsof Kennedyet al. (2000b)gave significantimprovementsin the representation
of nonlinearwaveswith no significantcomplications.Similarly, Kennedyet al. (2000c)gave a wide
varietyof improvements,from improvedshoalingin intermediatedepthsto increasedaccuracy in rep-
resentingwave speedsin relatively deepwater. This paperalsodetailedsomesimplifiedhigherorder
equations,whichcangivesomehigherorderaccuracy, but only show lowerorderterms(alsoKennedy
et al. 2000d).Someof thesechangeshavebeenimplementedin a parallelversionof FUNWAVE writ-
tenin High PerformanceFortran.A differentapproachhasledto theimprovedrepresentationof vertical
vorticity in themodelequations(Chenet al., 2000b,Gobbiet al., 2000).Thesehavebeenimplemented,
andprovide improvementsoverolderformulations.Representationof nearshorehydrodynamicsusing
Boussinesqequationsis improving steadily.

Comparisonswith field andlaboratorydatashow a goodrepresentationof nearshorewave height
andwave-inducedcross-shoreandlongshorecurrents(Chenet al., 1999,2000b).In itspresentform, the
modelis now capableof predictingwave heights,directions,nonlinearinteractions,breaking,runup,
and wave-inducedcurrentswith reasonableaccuracy. Unsteadyprocessesare particularly well de-
scribedcomparedto otherwave transformationmodels.

Inversionmodelshavebeendevelopedfor radardatathathadpreviously beenassumedto beavail-
able.TheseincludeDalrympleet al. (1998),whichlookedatseveraldifferentlinearinversionmethods.
UsingaBoussinesqmodel,Kennedyet al. (2000b)developedamethodto find waterdepthsusingtwo
laggedsnapshotsof watersurfaceelevationsandvelocities.Misra et al. (2000)useda “quasi-frozen”
assumptionto arriveatasimplertechniquethatrequiredsnapshotsof eithersurfacevelocitiesor eleva-
tion. All of theseweretestedusingsyntheticdata,asfield datawasunavailable.This lack of datahas
ledusto discontinuework on radar-basedinversions.

We arenow usingvideo-basedinversiontechniques,inferring nearshorebathymetries(and indi-
rectly nearshorehydrodynamics)by matchingwave phasespeedsandbreakingpatterns.Figures2-3
show preliminarywork (Kennedyet al., 1999)usingdatasuppliedby Rob Holmanof Oregon State
University, showing that this approachcangive detailedestimatesof bathymetry, particularly in the
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Figure1: Computedandmeasuredinstantaneouswatersurface(a);
�������

(b); meanwave-induced
current(c); currentcross-section(d) duringDELILAH at Duck,NC

surf zonewhereothervideo-basedmethodsexperienceproblems.It alsoprovidesthemeansof resolv-
ing a depthvs. currentambiguitywhich appearsin mostotherinversionmethods.However, dueto the
relatively lateswitch from radarto video, it hasbecomeapparentthat this taskwill not becompleted
by theendof theproject. This hasalsopreventeduseof JohnDugan’s AROSSdata.Efforts arenow
underway to secureadditionalfundingfrom othersources.

RESULTS

An extendedBoussinesqmodelhasbeendocumentedandreleasedby ourcenterfor generaluseby
thenearshoremodellingcommunity. Bothsourcecodeandusersmanualarefreelyavailablethroughthe
Centerfor AppliedCoastalResearchby anonymousftp (www.coastal.udel.edu/pub/programs/funwave-
2D). FUNWAVE hasbegunto beadoptedby numerousexternalusers.

Several depthinversionschemeshave beendevelopedandpublished. Theseindicatethat, given
reasonabledata,depthinversionis indeedpossibleusingcurrenttechnology. While bestresultsneed
estimatesof surfaceelevationsandvelocities,it is possibleto producereasonableestimateswith less
completedatasets.However, thedatamustbebothreasonableandavailable.

IMPACT/APPLICATIONS

FUNWAVE providesthenearshorecommunitywith a wavemodelthatalsopredictswave-induced
currentsandinstabilities. TheBoussinesqapproachis expectedto beviable for many yearsto come,
andwill provideestimatesof nearshorehydrodynamicswith ever-increasingaccuracy.

Depthinversionschemesallow theremotedeterminationof bathymetry, which is of interestin both
military andcivilian applications.
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Figure2: Estimated( - - ) andmeasured( – ) wave breakingpatternsfor final iterated
bathymetry
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